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Ice Conditions and Ice Forecasting in the Beaufort Sea 
Introduction 
A. Purpose of the Thesis 
This thesis attempts to develop and explain the location and 
extent of sea ice in the Beaufort Sea, and the methods used and pro-
posed by the science of ice forecasting to aid ship movements in this 
area. Previous material on this subject exists mostly as widely 
scattered and unpublished data. It is the purpose of this researcher 
to, for the first time, assimilate such data into cohesive form. 
These data, together with observations from personal experience in 
the field, will logically present some of the problems encountered 
along with their possible solution~ in ship transit in the Beaufort 
Sea. The vital nature of this subject caused the convocation of 
the first "International Sea Ice Conference in February, 1958. 
B. Methods of the Research 
1. Library Research 
The author made extensive use of the libraries of the 
Arctic Institute of North America, u.s. Navy Hydrographic Office. 
U.S.A.F. Aeronautical Chart and Information Center, and the Arctic 
Research Laboratory located at Point Barrow, Alaska. In addition, 
many discussions were held with ice forecasting personnel of the 
EYdrographio Office, and the U.S.N. Patrol Squadron VP-19, with 
headquarters at Kodiak aDd Fairbanks, Alaska. 
2. Field Research 
The author, as a contractor to the Arctic Institute 
of North America, made literally dozens of flights over the Beaufort Sea 
v 
in the Spring ~d Summer of 1957 as a member of the ice reconnaissance 
team, and in addition, flew a Ftarmigan weather reconnaissance flight 
to the North Pole. During the course of this reconnais sance, about 
10,000 aerial photographs were made of the ice in the Beaufort Sea. 
These were used, along with notes taken during the reconnaissance, 
in the evaluation of ioe data and the writing of this thesis. 
3. Development of the Thesis 
The Author attempts to describe the background of the 
subject region and the physical conditions which control the growth 
and disintegration of the ice encountered, then describes the ice in 
the region and the reasons for its existance and life cycle, and finally 
the metho~,now current and proposed for the future, of forecasting 
ice growth and movement are described, together with the development 
of ice forecasting as a science. 
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CHAPTER I 
The Newly Acquired Importu.ce of the Beaufort Se&l 
Regio a.Rd the Status of Ice Forecasting 
2. 
Prior to the Second .World War very little attention was paid to 
the water area off Alaska's northern coast known as the Beaufort Sea. 
Inhabitants along landward fringes of the sea are Eskimo tribes, a:nd 
the largest of these tribes is located at Point Barrow at what i~ now 
called Barrow Village. Other tribes are scattered along the coast and 
inland on the major river systema. Most of these people had been de-
pendent on the marine life of the Beaufort Sea for the major part of 
their food and income. During the tim the pack ice maved off shore, 
skin boats were used to reach the ice with its population of seal, 
polar bear and sea lion. The white whale also was hunted and open 
waters were fished. When the ice was fast on shore 1 t was an easier 
matter to hunt, but whaling and fishing were impossible. Perhaps as 
compensation, the caribou, a main source of winter food, bone and fur, 
moved close to the coast to graze. Thus, aside from infrequent 
scientific interest in the Arctic in general, the Eskimo lived in 
isolation and survived under a delicately ba~ced subsistence 
economy closely intwined with the bounty of the northern seas. 
Penetration of the far· north by persons interested in exploration~ 
travel and the search of phenomena of scientific interest did little 
to break down the isolation of the Beaufort Sea area prior to World 
War II. One of the first visitors was the lighter-than-air ship, the 
"Graf Zeppelin", which crossed the Arctic Ocean in the early 1930's 
in a pioneering effort at transpolar navigo.tion. This is the same 
craft that explored much of Franz Josef Land and Severnaya Zemlya 
north of Siberia on the other side of the Arctic Ocean • 
.Another Pioneer in the area was Carl Ben Eielson, an American 
Ar~ Air Force Officer who did much to advance travel in this region 
by proving that the art of "bush piloting" was dependable. It is in 
his memory that Eielson Field, the air base :near Fairbanks, was named. 
Recognition also must be given to Wiley Post, another pioneer pilot, 
and in honor of his service there is a monument dedicated to him and 
Will Rogers near Barrow Village marking the spot of their fatal crash 
in 1935. Other men entered the region, as attested by deserted cabins 
which today are found along the coast and now serve as land-marks to 
fliers. 
Exploration and travel in lands fronting the Beaufort Sea pro-
gressed slowly, and immediately before the advent of the second World 
War the Coast and Geodetic Survey, under the direction of Adme Colbert, 
u.s.N., Ret., completed a first order triangulation net in the area; 
subsequently much of the region was mapped. Nevertheless, very little 
exploration of the Beaufort Sea itself had occurred because the short 
ice-free period and dangers of surface travel on the ice pack greatly 
hinde~ed exploration. Another deterrent to exploration was the fact 
that few facilities existed to maintain aircraft in the area, and 
flights over the ice were nearly suicidal due to difficulties on 
keeping equipment operating in the cold, unreliability of compasses 
in northern latitudes, and conditions of poor visibility much of the 
time. 
Almost immediately after World War II, interest in the Beaufort 
Sea region increased markedly, primarily because of the belief that 
4. 
oil reserves might be present along the sea coast and inland along the 
Arctic Littoral. The U.s. Navy set up a "petroleum reserve" in the 
area and a number of test sites were established. Oil was discovered~ 
and today several sites such as at pt. Barrow and Umiat, are being 
operated under other service or civilian auspices, and as service areas 
to aircrews. Interest in oil resources and increasing national 
recognition of the strategic importance of the area accomplished What 
decades of early travel and exploration failed to do. Today the entire 
region is photographed and mapped. As logistical problems of supply 
and maintenance of numerous persons in the far north increased~ the 
difficulties of ship navigation through the ice pack became apparent. 
Particularly were naviga~ional problems in the Beaufort Sea highlighted 
when it was decided to errect and supply thedl exploration sites. 
However, little was done about learning the techniques of "ice transitlil:sg" 
(sailing through ice-choked waters) by ships, although the u.s. Navy 
Hydrographic Office had published "Sailing Directions" for the area 
which contained what little was known about conditions in the Beaufort 
Sea. It was not until later, around 1950, that charting and fore-
casting movements of sea ice in the area received adequate attention. 
As has been stated, another matter that excited interest in this 
strategic area was the deterioration of international relations between 
the Soviet Union and the Free World Allies. Owing to the northerly 
location of the U.s.s.R. and its national site on the Arctic Ocean, 
it was immediately apparent that air routes across the far north were 
to become of utmost strategic value. (See Figure Nr. 2 ) The Trans-
polar route between the r · and the United States is much shorter 
I 
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Figure Nr. 2 
From:: World Geo-Graphic Atlas, po274 
Private printing for Container Corp. of America. 1953 
Polar Projection Showing the proximity of the U.S.A. and 
the U.s.s.R., if the transpolar route is used 
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than any other possible avenue of air attack. On a polar projection 
(See Figure Nr. 2) it can be seen that many Great Circle routes 
connecting the u.s. With the U.s.s.R. pass over the Arctic Ocean and 
particularly the Beaufort Sea. During World War II, the u .s. air-
lifted aircraft to the U.s.s.R •• then our ally,. via Fairbanks and 
across the Bering Sea rather than by m<r e direct routes because of 
the hazards of crossing the polar seas and because of fuel supply 
problems. Current long range aircraft and marked technical advances 
in navigation. have made it possible to fly directly from one continent 
to the other via Great Circle routes. Thus. more than ever before, 
the Beaufort Sea has become a part of a vast strategic area. 
Accompanying the focus of national interest on the Arctic was the 
growing realization by the United States that myriad aspects of arctic 
environmental conditions must be investigated. in detail before effective 
national control could be established. Owing to the acute need for 
bases from which to operate, men and much material were mewed into the 
area, after first learning from rather costly mistakes. Once problems 
of how to live and work in an alien climate were mastered, new con-
struction techniques and special types of clothe6 were developed and 
tested. Today the arctic is dotted with bases, supply airstrips and 
radio communication centers• This monumental occupance of an 
inhospitable environment was possible only through the prodigious 
scientific effort. Gradually our fund of knowledge has increased to 
where currently research is more specialized and precise since 
elemental problems of survival now are mastered. 
7. 
A third and much more recent stimulus of interest in the area was 
the development of under ice transport via submarine. Surface ship 
travel is at best difficult in the Beaufort Sea and the Arctic Ocean 
due to the shifting of ice pack and its destructive force. In the 
summer of 1957 the nuclear-powered submarine "Nautilus" travelled over 
3300 miles under the ice. This feat opens up a great potential for 
navigation in ice-choked waters. Even though much of the year some 
ice-free areas exist in both the Beaufort Sea area and along the coast 
of Siberia. the presence of military bases necessitates regular 
crossings of the Arctic in waters containing thousands of square miles 
of ice. It must be pointed out that defense against missile-carrying 
submarines becomes acute with the advent of under-ice travel. Thus, 
the observation and forecasting of ice-free areas in this region assumes 
tremendous importance. 
Perhaps the most important event that stimulated interest in the 
Beaufort Sea itself was the construction of the Distant Early Warning 
Line (the DEW line) of radar stations across the n9rthern Alaskan and 
Canadian frontier. The DEW line was conceived and constructed because 
of the threat of enenzy" bombers attacking the United States via the 
Great Circle route across the Arctic Ooean. Only by such a system of 
radar "pickets" could the United States hope to defend itself against 
an attack. Construction of the DEW line posed serious suppJ.y problems 
unique in an undertaking of such magnitude. Because of the large-
scale nature of the projeot. air transport alone was impossible con-
sidering the number of men and the amount of equipment and material 
needed. A:n overland route was unthinkable because of great distances 
a. 
involved and extremely poor trafficability of arctic terrain. 
Obviously ship transport was the sole means or accomplishing the 
task. The ice-free season in the Beaufort Sea is very short and some 
ice always is encountered. Therefore, concurrently with the planning 
of construction of the radar stations, studies had to be made of the 
ice in the area by the u.s. Navy Hydrographic Offioe. Oceanographic 
and meteorologic data were collected out of which the development of 
ice forecasting methods was formulated. Supplying equipnent and 
material to the DEW sites and other installations is and will be a 
continuing affair. Much more must be learned , about ice forecasting, 
therefore, in order to make the resupply problem less dangerous and 
more economical. 
Previous Ice Investigations 
First to make systematic studies or sea ice were the Russians 
who began research in the 1920's and have continued ever since. An 
obvious reason for this early interest is the nation's lack of ice• 
free ports. Except for the Trans-Siberian Railroad, the only way to 
move supplies from European to Asiatic Russia is by way or the Arctic 
coast. Thus shortly after the Bolshevick Revolution, in 1917 • the 
"Northern Sea Route" was established from Murmansk in the west to 
Vladivostok in the East. In spite of the fact that this route is 
situated in high latitudes it is considered vital in the development 
of Russia and a great deal or time and effort has been expended on 
its operation. Due to Russian reluctance to release scientific data, 
not much is known of results or investigations into problems of 
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ice-transiting by shipping. However. from time to time general 
reports have been released which include excellent hydrographic 
charts. It has been learned that the Russian approach to ice research 
has become highly specialized. All their research, at least until the 
beginning of the International Geophysical Year (I~) studies. has been 
in tactical support of ship movements. Supporting this emphasis has 
been the recent announcement of the launching of a nuclear powered 
icebreaker; their first effort at nuclear propulsion. It is also 
known that the Russians have been able to complete a trip from one 
end of the Northern Sea route to the other in a single season. a 
phenomenal achievement in view of the great length of the route and 
the short ice-free period. 
Russia continues to conduct ice research from bases all along 
the route called "Polar Stations." These polar stations range from 
large installations manned by scientists representing many fields, 
to small unmanned stations which record and/or transmit meterological 
data. Many polar stations are manned during the entire year. 
Recently, the Russians also have manned "floating stations", or 
drifting ice floes from which studies of ocean currents and other 
phenomena are conducted. 
As pointed out earlier, the United States and Canada did not 
evolve an interest in ice research until after the second World War. 
Since then, however, research has been conducted at an accelerating 
pace as the need for information has increased. Cooper~ion between 
the two countries has been excellent and much infor.mation also has bean 
obtained from countries which border the North Atlantic and Baltic Sea. 
10. 
The "scope" of research carried out by the United States and Canada 
has been much broader than that of the Russians. Ship support , while 
the most important objective of scientific investigations, is however , 
only one facet of the total program of research. Included within 
various programs are studies of ice physics. Ice research teams are 
also making bilateral investigations in oceanography, ~~ine biology 
and geology. Oceanographic survey icebreakers are making geographic 
w~s 
explorations, one of whic~completed during the summer of 1957, 
has established the long- sought Northwest Passage. A joint venture by 
the navies of United States and Canada several ships in this exploration 
expedition, passed Point Barrow in August and after successfully 
navigating the Beaufort Sea and the Canadian Archipelago reached the 
Atlantic Ocean in September. 
The United States and Canada make greater use of aircraft in ice 
research than does Russia. During the season of ship activity, daily 
flights are made by the u.s. Navy and the Canadian Air Force to 
observe and record ice reconnaissance data. On a less frequent 
schedule these aerial reconnaissance flights are made the year round. 
The u. s~ Air Force also makes daily weather and ice reconnaissance 
flights over the Arctic Ocean. 
Initial efforts in the field of ioe research must be credited 
to the United States and Canadian air forces. Colonel Fletcher of an 
u.s. Air Force Weather Reconnaissance Squadron lvas instrumental in the 
discovery of the phenomena known as Ice Islands and many photographic 
and visual reconnaissance flights followed this discovery, adding 
11. 
greatly to known data on ioe conditions . It was Colonel Fletcher and 
personnel from his group who first manned an Ice Island for research 
on the circulation of the ioe pack. 
Thus , though getting a late start , the Western nations have a 
large-scale and varied program of ice research which is fundanwntal to 
effective use of the far north. 
12.' 
CHAPTER II 
Physical Conditions in the Beaufort Sea 
The Beaufort Sea lies north of Alaska and Western Canada·, which 
comprise its southern boundary. (See Figure 2, page 6) It is generally 
accepted to limit the northern boundary of the Beaufort Sea at about 
the 750 N parallel. It is bounded on the east by Amundsen Gulf, Banks 
Island, Clure Strait; and on the west e.nd north by the Chukchi Sea 
e.nd the Arctic Ocean. 
It should be noted that existing climatic data is scattered and 
spotty and comes from two principal sources; 1~ the coastal weather 
network along the southern shores of the Beaufort Sea, and 2) drop-
sondes from the U.S.A.F. ptarmigan weather reconnaissance flights. 
During the course of the IGY, an accelerated program of climatic 
observation is in progress but is not at present available for use. 
The climate of the Beaufort Sea is modified by several broad 
climatic controls. The great mountain barriers of the Alas~ Range, 
'7 
Canadian Rookies and the Brooks Range, isolate the region from warmer 
climatic influences to the south. In the case of the polar sea to the 
north, the most profound effect on the climate is the seasonal presence 
or absence of ice. In winter the prese#ee of ice functions in large 
part as a land extension of the Arctic Littoral which lies to the 
south and west and only small amo~s of heat escape through the ice 
layer as well as through leads of open water. Thus, seasonally, the 
Beaufort Sea has many radiational characteristics of the surrounding 
land mass. In spring, or the period of ice break-up, the very cold 
Ice~elt water keeps surface temperatures in the 30's and low 40's; 
a condition which exists through the summer also. This cold water 
acts throughout the entire war-m season as a generator of sea fogs 
and low stratus clouds. Late in the summer blasts of polar air 
passing over open water produce convective air currents~ with 
resultant cumulus for.mation, snow flurries and poor visibility. These, 
then, are the significant static climatic controls of the area ~ but 
they are secondary in importance to certain dynamic controls which are 
regulators of the climatic regimes of the region. 
The Beaufort Sea is directly under the control of the arctic high 
pressure belt. Polar areas, including the Beaufort Sea~ are normally 
covered by a belt of relatively high pressure, much higher, for 
example, than prevailing low pressure characteristic of sub-polar 
latitudes. Normally, this belt is highly variable in position, 
intensity and significance and rarely achieves the status of a 
major anticyclone near the pole. A mean January pressure over the 
sea of 1020 mb, while not quite as high as that over the continental 
land masses~ is still higher than over other water areas in the 
Atlantic and other seas at similar latitudes. In June, the mean 
pressure of 1012.5 mb is higher than any surrounding area. Thus a 
year-round belt of relatively high pressure is experienced. 
Another dynamic control of the Beaufort Sea is the sub-polar 
low pressure belt. Both the January and July means show general low 
pressure in the latitudes of 600 • 650 N. Of the two low pressure 
cells, Icelandi c and Aleutian lows, it is the Aleutian low which 
affects the Beaufort Sea. Both of the above-described pressure systems 
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are essentially superficial (9). Upper air studies indicate that at 
any level above 10,000 feet and in any month, the surface configurations 
are not present and therefore are extremely shallow. Two gigantic 
low cells alOft are found, one over the eastern Arctic and one over 
Alaska-Siberia. Around these cells a vast system of upper air 
westerly winds circulates throughout the year, apart from brief 
interruptions lasting only a week or two. These circump h.r 
westerlies are the dominating features of atmospheric circulation in 
the Beaufort Sea Area as well as over much of the rest of the Arctic. 
A third dynamic control of climate in the Beaufort Sea which 
seasonally dominates the region is related to the character and type 
of Arctic airmasses. Cold Arctic airstreams, flowing from the 
northerly ice pack are a significant feature for eight or nine months 
anmally. This airflow keeps surface temperatures in the -25° -450 F 
range in midwinter with resulting persistent air mass stability which 
facilitates the development of an intense surface temperature inversion. 
Extreme dryness keeps the percentage of winter cloud cover low. When 
the thaw reaches the Arctic pack in June, the source for cold air is 
destroyed. The sea then becomes a pool of melting ice, possesses- an 
overlying air surface air temperature varying from freezing to 350 F 
much of the time. At this time of the year cold damp air exists at 
the surface and surface inversions are coJilD.on. In summer, Pacific 
maritime air commonly enters Alaska and the MacKenzie River Valley, 
e..nd frequently reaches the Beaufort Sea. The maritime characteristics 
of this type of air, however, are considerable modified by passage over 
., 
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extremely dry inland areas . By the tine this air reaches the Beaufort 
Sea. it does litt le to modify the character of the climate. At best~ 
the invasion of a highly modified maritime Pacific air produces brief 
periods of wa~ and dry offshore winds causing a temporary reduction 
in the amount of cloud cover. 
The above controls • both static and dynamic • produce a truly 
Arctic climate for the Beaufort Sea. Mean January temperature for the 
Beaufort Sea is about -150 F • and the July , 400 F isotbern lies just 
north of the Alaska coast (9) . Nowhere does the wa~est month exceed 
or even approach 500 F. While ~er is cool and damp. ver.y little 
precipitation occurs. amounting to about 5" melt annually near Point 
Barrow. Diurnal temperature variation at all seasons is small due to 
darkness in winter and extensive cloud cover produced by open water in 
summer which materially reduces insolatianal heating. Winter snowfall 
is very scanty and summer rains are light and drizzly. punctuated by 
periods of no precipitation. Cloud cover in summer usually exceeds 
0.9 and is frequently a companion to fog' the one replacing the other 
due to wind flow pushing fog aloft a few dozen to a hundred feet or 
so. Except for occasional high winds in winter. high velocities are 
not to be associated vii th the arctic climate. Due to the gentle pressure 
gradients. winds also are usually light. Precipitation. when it occurs. 
is usually gentle and light. Air masses move slowly and similar 
weather conditions exist for many days at a time at a single locality. 
The climate is dull and gloomy in summer. dull and cold in winter. 
Monoto~ prevails. 
Oceanographic infornB.tion is sparse for the Beaufort Sea area. Such 
data as is available is ierived from shore stations and ship surveys 
on the landward fringes of the sea in sUliDller. The presence of an almo · 
complete ice cover in winter, and the existence of ice a ffJW dozen 
miles offshore in summer make the gathering of data a difficult task. 
Early studies were dependent on data collected by whaling and commercial 
shipping vessels. A principal source of information of the physical 
characteristics of the Beaufort Sea carne from u.s. Coast Guard vessels 
staffed with University of Washington oceanographers in the 1930's• 
later, work conducted by U.s. Hydrographic Office personnel on naval 
oceanographic survey ships forms much of the general information about 
the sea. At present, as }:8rt of the IGY, work is. contin'l11ing on ships 
and on floating ice stations by the HydrograPhic Offce and Air Force 
Cambridge scientists. As yet, almost nothing is known about ocean-
ographic phenomena in the Beaufort Sea in winter. 
Although a geographic entity, oceanographioally the Beaufort Sea 
must be considered a part of the great Polar Basin because there is 
no separation of waters of' the Beaufort Sea from the rest of' the Polar 
Sea. Therefore, a constant interplay of' Beaufort Sea water and 
surrounding waters takes place. In fact, certain oceanographic 
characteristics of' this area can be traced not only to the Polar 
Basin, but even to basins distant from the Arctic. 
A mOBt salient feature of the bathemetry of the Beaufort Sea lies 
outside of' its geographio boundaries. That feature is the Lomonosov 
Ridge which extends unbroken from that portion of' the Polar Basin to 
17. 
the north o£ the New Siberian Islands (Russia) to Greenland-Ellesmere 
Island, a distance of 1800 Km (17). Peaks of this ridge rise to a 
depth of only 954 meters below the surface, whereas, saddle depths are 
1500 to 1600 meters. This splits the Polar Basin into two basins and 
accounts for many of the oceanographic features of the Beaufort Sea. 
It causes the tides in the whole of the Sea to be almost s~chronous, 
and also causes a higher minimum temperature of its deep waters 
(2300 m) than anywhere else in the Basin (17). 
Bottom. configuration of the Beaufort Sea has not been fully explored 
but some general statements can be made. The floor of the Sea falls 
off steeply into the Polar Basin to an average depth of over 4000 m. 
Just north of Pt. Barrow, a depression, the Barrow Sea Valley, crosses 
the continental slope to the northeast (12). Depths of up to 4,700 m 
are found in the northern extremeties of the Beaufort Sea, and these 
depths are greater than anywhere else in the Alaskan side of the 
ridge (17). Bottom sediments collected by various expeditions indicate 
that the floor of the Sea to the north of Alaska appears to be mainly 
mud with occasional isolated patches of sand and gravel (12). Sediment 
is carried a~ £ram the coast each spring on the tops of ice floes 
and is eventually deposited on the ocean floor. This sediment may be 
of any type, from the gravel of Ft. Barrow to the peaty Jn9-ck of£ 
Herschel Island. 
It appears that th$ Beaufort Sea possesses a surface layer of water, 
of low salinity; rarely more than 75 m deep, known as Arctic Water. 
This lqer contains an upper layer within which the salinity and 
temperature are influenced by the local processes of :freezing and 
thawing, and a · lower layer which represents a transition :from the 
brackish water to deeper water possessing higher salinities (17). 
18. 
The upper layer has an average thickness of about 30 meters and 
duriiJg the period of greatest freeze has an almost uniform salinity. 
6bservations of the Sea during Project Skijump show that during the 
melting season, a layer of water one to two meters thick occurs in 
which the salinity is but 1 or 2 0/00 (parts per mille). The author 
tasted the water at Point Barrow in July and :found it almost fresh 
enough to drink. Even here, in an area of open water at this season. 
the salinity is less than 6 ojoo. ~cept :for the occurrance of this 
upper layer during the sUDllller. average salinities of .Arctic water is 
29 ojoo to 30 0/00 (]$). 
At the bottom of the upper layer the salinity increases abruptly;: 
five stations of project Skijump (18) observed salinities at 75 m of 
31.70 0/00 to 32.11 0/00 which is a rise in only 50 m of 1.5 0/00 tp 
2.4 ojoo. The marked increase in salinity with depth indicates a rapid 
change in deBSity which :forms a barrier to further active mixing of 
surface and deeper waters (17). Slow mixing from below does take place 
however. because average salinities increase from east to west, i.e., 
in the direction of :flow. Since average ice thickness does not also 
increase in this manner. the effect of :freezing must be discounted (17). 
With :further increase in depth, salinity is known to increase. 
but no detailed measurements are available. On the European side of 
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the ridge an intermediate salinity maximum has been observed at a depth 
of 200 to 400 m , but this has not been found in the Beaufort Sea. 
Only eight salinity determinations have been taken at depths exceeding 
1200 meters fran three stations in the Beaufort Sea. Values range 
from 34.90 0/00 to 34.99 0/00 and average 34.94 ojoo. On the basis of 
this scant data, it appears probable that the deep water on the 
Alaskan side of the ridge is about the same salinity as the deep 
water on the other side (17). 
Temperature measurements in the Beaufort Sea are more numerous 
and accurate than salinity measurements. Still, so few observations 
are available that IGY data, not yet released, are sure to modify 
our limited knowledge. From fragmentary records it appears that the 
entire Sea is eovered by a layer of water which, in winter, is cooled 
to its freezing point, Which in turn is variable due to seasonal change 
ia salinity as well as temperature. This freezing layer is probably 
about thirty meters thick (17). In summer, surface temperature in 
openings in the ice 1!1B.Y rise to about 00 C, and at depths down to 30 m 
it probably rises adiabatically to about 0.10 C. Below the surface 
layer temperatures show no annual variation, but appear to increase 
gradually with greater depth to a maximum at an intermediate layer of 
undeterminable thickness, then to decrease as depth increases. For 
example, temperature reading of 0° C has been measured at a depth of 
about 40 m, in the northern part of the Beaufort Sea. (18). A 
temperature maxim\Dil is found at intermediate depths which decrease 
from west to east across the Polar Basin, and at the same time the value 
of the maximum also decreases. Thus, in the Beaufort Sea a maximum of 
20. 
0.560 C was observed at 500 m at latitude 790 36 longitude 470 W 
whereas the mximum "Was only 0.370 at 600 m at latitude 750 45', 
longitude 1500 W (17). Below this zone of maximum readings the 
temperature decreases and oo C is again reached at about 700 m to 
1000 m in the Beaufort Sea area. The decrease in temperature continues 
to a depth, which on the Alaskan side of the Lomonosov ridge lies at 
2300 m, and in which a minimum is found to be about - Oel50 c. Even 
more puaaling is the fact that at still greater depths an increase 
is again found (17). Nansen (14) was the first to discover this 
increase and it was later verified by the work on project Skijump (18). 
Nansen's theory is that the increase is due to the effect of adiabatic 
processes in a water mass of unifo~ sa~inity. Such processes are 
related to the faot that water is slightly compressible, for which 
reason a small mass of water that is brought from a great depth to 
the surface increases its volume slightly. If the change in pressure 
must take place at the expense of internal energy of the water, whereby 
its temperature must fall, and vice versa. Hence, the increase in 
depth will produce an increase in temperature (17). In order t o 
eliminate these effects of pressure, "potential temperature" has been 
introduced and is defined as the temperature which a small water mass 
would have if it were brought adiabatically to the surface. Thus, 
potential temperature is always lower than actual temperature, and the 
difference between them depends upon the depth and saltnity of the 
sample observed. Project Skijump found lhat the potential temperature 
of the deep water of the Beaufort Sea is - 0.530 C (18) (See Figure Nr 3 
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for T-s profile) . In the T-, profile , both temperature and salinity 
increase to the right from the origin, while depth of water decreases 
upward from the origin. 
Part of the surface water of the Polar Basin moves slowly from 
the Alaskan -East Siberian side to the wide opening between 
Spitsbergen and Greenland, where surface velocity increases and Arctio 
Water unites to become a part of the East Greenland Current (17). 
This movement in the basin is a clockwise drift which flows from east 
to west al ong the north Alaskan coast . Some of this current is caught 
up in a closed circuit which carries it near the pole and back to the 
Beaufort Sea again (See Figure 4) . This is demonstrated by the routes 
of the Ice Islands. (See Chapter IV) 
The corresponding inflow to replace the water lost to JG h.e Ea~l"l,; 
Greenland Current comes from two sources . A relatively small part of 
it flows on the surface from the Bering Sea, veers toward Siberia 
and from there is carried to the Be&ufort Sea. By far , the greater 
inflow takes place north of Spitsbergen where the last branch of the 
Atlantic water submerges below the less saline Arctic water and con-
tinues as an intermediate relatively warm current. (See Figure 5) (11.) 
According to Worthington, this flow starts off as a counter-clockwise 
current but then bends toward the pole as the submarine ridge blocks 
it , forming a counter-clockwise eddy on the European side of the ridge. 
Some of this water escapes across the ridge and forms a cloobYise eddy 
as Coriolie force bends it to the right in the Beaufort Sea area (18). 
Intermixing of this warm water with Arctic deep water apparently 
~akes place in the Beaufort Sea and elsewhere and little warm water is 
.. 
I 
..... 
Q. 
w 
a 
0 
I~ 
2000 
SAL. 29.00 30.00 
TE~R 15' 
31.00 32.00 33.00 34.00 % ) 
r-
~ 
r-
r-
r-
r-
r-
r-
~ 
. 
~ 
~ 
..... 
r-
r-
~ 
~ 
10 -0.5° o.ou -~.:i~ 
• 
. • ?-- ------ ....... ..... 
-. ,.. -. 
---
r---. ~. 
J 
I 
lir 
I 
• 
I 
I 
i 
Figure Nr. 3 
From: Arctic Vol 7 Nr. 2) page 97 
ot:towa, Sept 1954 
+ .ou "C 
-
-
........ 
"' ., -
\ _ 
I 
i 
·-
' 
,_ 
t 
sJ 
' I ,_ 
L 
I 
·-
' I 
I 
• 
I-
' I -I -
' -I 
. 
J 
! . 
' • 
A sample temperature-salinity profile from the northern 
part of the Beaufort Sea 
'"( 
i 
It t ' I l 
lt .(J'' 
f ) I 
Ill ll'ol</1 
./ 
/ 
I 
) \ . 
'• \ \ 
f J/' ,· I 
I 
I 
I I (1. 
' J / 
, .. ;· 
• . , r·. , 
I ~ 
( ~~~ I ?1 ., . 
' ;. r L I I .r ;t.fl kl ) 
"' ' '· ) -
I 
' I 
. ,, ' , 
(, fill HI AN O 
r 
litO" 
. 
WHA 01 I I 
It(/' 
. \. 
I I 
\\ I I t 
I I 
) j 
/ I 
/ 
fQO 
NOR lGIAN 
Sill 
,/ 
IMf' 
J l J \i' 
\, /Nf w c~ 
" 
SiBfHIAN / 
I ~/ t 
J I .  c· 
I 
/ 
) ( 
( 
-\ )~ St VI 
liMLYA 
2QO 
\ / 
>MAIN I Y WIND DRifT 
~lRMANENTGURRENTS 
HI <'1. C'(JH HI.:NTS OF TilE POLAH SEA 
t 
. ! Figure Nr . 4 
I 
ALASKA 
120 . 
·-
? 
GREE)fLAND 
I 40 ' 
!C'.£LAND • 
NORWEG IAN 
SEA ) 
I . \ \\ , rthing-t on - Transactions Am.eric(ill Geoohysical Cnion, 1953. 
ATLANTIC WATER CIRCULATION IN THE 
NORTH POLAR BASIN 
Figure Nr. 5 
24 . 
found in the outward flowing current. It is probably that the 
Atlantic water disappears completely in the Beaufort Sea (i7). 
( See Figure 5) 
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In addition to the water masses discussed in connection with 
surface currents, temperatures and salinities; i . e . , the Arotic 
and Atlantic water# there are two other water masses known to exist 
in the region. These are the Deep and Bottom Waters (17). It is 
known that these masses oannot be for.med by the sinking of the surface 
and intermediate layers because everywhere the salinity of these layers 
is less than that of the deeper waters (12) . Nansen concluded that 
the deep water flows into the Polar Basin aoross the ridge between 
Spitsbergen and Greenland (14) . In the Beaufort Sea, the deep water 
has a potential temperature of about - o. so C, a salinity of about 
34.9 ojoo and a temperature of about 0. 40 C higher than on the other 
side of the Polar Basin, 'Secause of the effects of the ridge (17). 
Little is known of the bottom water. 
Since both deep and bottom water flows in across the Nansen 
Ridge in the vicinity of Spitsbergen, some of the deep water must also 
flow out. It is believed that some outflow takes place off the coast 
of East Greenland, but the question of this circulation is as yet an 
unsolved problem (17). 
26. 
CHAPTER III 
Ice in the Beaufort Sea 
Of the three basic types of ice catalogued by ice scientists; 
river ice. land ice and sea ice; only sea ice is of any significance 
in the Beaufort Sea. River ice rapidly melts and/or disintegrates 
when it escapes from the mouths of rivers . Thus it is not identified 
as such once it enters the ocean. Due to the closed circulation of 
the Polar Basin, land ice. with the exception of ice islands also is 
not observed in the Beaufort Sea area. (See Chapter II) Since ice 
islands are few in number and do not penetrate into the area to any 
great extent, they contribute little to the general circulation of 
Beaufort Sea ice except as a special and highly interesting phenomenon. 
Therefor e . sea ice predominates in the area of which two majo~ sub-
divisions are found in the Beaufort Sea. These are the polar pack 
(or Arctic Pack, Ice Pack, Pack) and fast ice or shore ice. This 
latter type of ice is almost never found in summer. It consists of 
ice which freezes near the coast early in fall, one edge of which is 
grounded or fast to the shore . This ice tends to be smooth without a 
great deal of ridging and hummocking. and breaks up early in the 
swromer in most places. In sheltered areas. however . it will last until 
quite late in the summer before it becomes rotten and heavily puddled , 
eventually breaking up. Fast ice is of little significance to ship 
transport in the area for by the time ships can approach the North 
Alaska coast it has disappeared. 
The Arctic Pack is a floating aggregate of pieces of sea ice 
of all sizes, varying from giant floes many miles in diameter to 
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broken pieces mnaller than ice cubes from a kitchen refrigerator. 
Principal types of ice found in the pack are young ice, winter ice, 
and polar ice. Young ice is newly-formed thin ice which appears gray 
or black from the air and is but days or weeks old. Winter ice 
develops during the winter season and can reach a thicknes s of several 
feet. Much of it melts during the next summer season and is much 
harder and thicker than winter ice. It is pale blue in color and 
because of summer melting has weathered upper surface with only 
small ridges and valleys. With regard to ship transport, polar ice 
presents the greatest difficulty as its extreme hardness makes it 
nearly impossible for even an ice-breaker to traverse. 
The Theory of Polar Pack History as it Affects 
the Beaufort Sea 
~ter several years of study, the personnel of Ice Forecasting 
Central of the u.s. Navy Hydrographic Off ice has evolved a cyclical 
history for the ice pack. Four seasons of ice development and 
disintegration are recognized• 1~ Frozen winter, 2) Spring breakup, 
3) Midsummer disintegration, and 4) Fall freezeup. (.31) 
During the Frozen Winter season, the entire Arctic Basin is 
covered by an elastic ice sheet in which many short, narrow leads 
and cracks are alternately opened and closed by the stress of winds 
and currents, and by expansion and contraction of the ioe itself. 
At the edge of the sheet there is continual breaking away of floes due 
to the grinding effect of the ice, but in the inner portions, the 
wind force is chiefly exerted in the formation of pressure ridges. 
Sea ioe is elastic because of its relatively high salt content and 
the effects of pressure exerted on the ice by wind, currents, eto;, 
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tends to result in bending rather than shearing or breaking. Thus, 
the ice commonly possesses pressure - produced ridges. Since the pre-
vailing wind in winter is northeasterly, stress on the ice is 
northerly forming large pressure ridges on the shores of northern 
Alaska and elsewhe~. 
West of Point Barrow a northerly transport of warm water begins 
during the spring breakup in which the current opens a lead from 
the Bering Strait northvl8.rd. (17) Concurrently as the land warms 
and rivers begin to flow again, the warm river water is carried to 
the ice where it acts as a melting agent. This paenomena is particularly 
noticeable in the MacKenzie Bay area where the great volume discharge 
of the relatively warm MacKenzie River causes as early breakup of 
ice. In fact, owing to the river transporting heat, some island-sheltered 
areas of the bay stay ice-free the entire year. As the land continues 
to warm under conditions of continuous daylight, a shore lead develops 
between outer sand spits near the shore and the main ice pack. (3) 
further warming of the ice by the continuing transport of warm water 
from the Raring Sea along with a general rise of air temperature 
to slightly above 320 F to 360 F causes much melting of the inner pack. 
As a result of warming, floes became detatched at weak points within 
the pack and the sea surface changes fran a solid sheet to a water 
surface in which floes and ice blocks comprise 80% to 100% of the 
surface.(3) At this stage in the melting, wind stresses can cause 
rapid changes in the concentration of the ice, packing the floes 
from a loose coverage of 60% to a coverage of 100% in a matter of 
hours. The wind can thus close or open the shore lead temporarily and 
the speed with Vlhich the shore lead can develop is startling. To 
illustrate this fact, it was Observed on July 1, 1957 at Point 
Barrow that the ice was solid and fast to the shore at 11 A.M. By 
12:30 P.M. , lead 6 or 7 miles wide was present between the beach 
and the pack and in two days the pack boundar,r lay 40 miles offshore. 
Midsummer conditions commonly find the pack at the stage of 
maximum deterioration. In the Beaufort Sea there is open water 
everywhere between floes. The size of the remaining floes ra~es 
from blocks a few feet in diamter to giant floes greater than one 
half a mile across. A few ice fields several miles long are also 
present. Floes of polar ice remain longer than those composed of 
winter ice because puddling is much more advanced on floes of winter 
ice which aids in their disintegration. The hard, blue polar ioe 
lasts through the summer although it too eventually becomes heavily 
puddled. Along the north Alaska coast, during the summer months, the 
southern edge of the main pack lies approximately 25 to 50 miles 
offshore, but during exceptionally war.m years it may recede much 
fUrther. The edge of the pack normally is well defined with few areas 
of ice separated from the main body. (3) Occasionally a belt of blocks 
and small floes may become detached by winds in the Chukchi Sea dnd 
float northward with the current toward Point Barrow causing interference 
with ship movements during its passage. East of Point B~rrow, the pack 
moves almost as a unit, winds intermittantly forcing the edge of the 
pack inshore or offshore since changing wind direction rapidly alters 
the concentration of floes along the edge. 
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At the end of the short polar summer, freezeup occurs, at which 
time the surface of the sea is transformed from floes separated by 
open water to the typical winter conditions of solid ice under heavy 
pressure. This freezeup is the reverse of the spring breakup in 
many respects. Freezi~ begins first in the inner :r;ack areas where 
rapid radiation and falling air temperatures Qe,uso the for.mati(>ll of 
young ice in open cracks and leads. The relative freshness and low 
salinity of the open water facilitates this rapid freezing because 
the freezing point of nearly fresh water is a degree or two higher 
than that of salt water. The first formation of young ice occurs in 
mid-August, and is followed by alternate thaws and freezes until late 
September or early October when the coverage becomes and remains 
esstentially 100%. Wind stress forms pressure ridges between the 
strong hard floes of polar ice and the weaker young ice, which being 
very elastic, is alternately separated and forced together variable 
surface winds. Thus, newly-formed pressure ridges are proportionately 
weaker than old floes, although much thicker. (3) In early September, 
the velocity of the current from the Bering Sea slackens am the water 
of the current looses heat so sea temperatures fall. (17) The Arctic 
littoral, which in the spring warms faster than the water, radiates 
heat very rapidly so that near the shore ice blocks and small floes 
freeze together into giant floes. These may then become detached 
from the beach and under the influence of winds and currents drift 
until they finally freeze into place as the concentration increases. 
The water surface finally to freeze is the shore lead where the 
relatively warmer and more saline water cools off more slowly. 
31. 
Pack ice gradually extends southward and finally joins shorefast ice 
which spreads northward from the land. The process of growth of the 
pack is facilitated by the fact that the shore lead is never completely 
free of ice, and the few remaining floes act as nuclei for the grovroh 
of winter ice. (3) Falling air temperatures cause thick ice to for.m 
quickly over the open leads in the pack. As a result of this quick 
freezing, frozen leads form the smoothest portion of the ice sheet. 
In the interval between summer and winter conditions, many pressure 
ridges are formed, as cracks and leads form and freeze, and, reform 
and refreeze. At the edges of the ice mass there is never complete 
freezing for any great length of time because the alternate back and 
forth motion of the wind-driven pack prevents the formation of thick 
ice. Since the elasticity of ice depends upon rates of freezing, ice 
in the n~«ly frozen leads possesses less strength and greater elasticity 
than older ice. During the winter, the older polar floes are covered 
with snow and also add some ice from the bottom. However, the insulating 
effect of its own thickness slows the buildup of the floe and the ice 
formed is nearly salt-free. Thus, old floes are hard and bri·btle. 
Currents play an important role in the life cycle of sea ice. 
The transport of warm water to the north causes semipermanent zones 
of weakness where ice is thinner than in other areas ( 17· ) Such a 
region of weakness is located along the Alaskan coast from Point 
Barrow westward. Currents c~rrying cold water also influence the 
character and formation of ice. In the Arctic Basin, the cold currents 
are much weaker than the warm currents and ice is carried in a clockwise 
course around the basin. This transport affords the ice a chen e to 
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remain unmelted for some time as it is carried northward away from 
warming influences. Hard polar ice thus is partly due to this anti-
cyclonic rotation. 
Variations in Location of Pack Ice off the 
Alaskan Coast 
Large-scale variations occur from one year to the next in the 
location of the ice boundary along Alaska's northern coast. The 
ice boundary has oscillated from a few miles offshore to 100 - 150 
miles offshore. It seems unlikely that wind action is a primary 
factor in causing this year-to-year change. Wind flow would have 
to run counter to the prevailing winds for long periods of time in 
order to perform the work required. Records of wind flow in the 
area, although sketchy, indicate that such changes in direction do 
not occur. Possible factors causing the observed variation in location 
are variations in water mass temperatures, alternating periods of 
greater and lesser continental--warming, and changes in velocity and 
volume of currents. Changes in both the temperature and volume of 
the current coming through ~he Bering Strait also may be responsible 
for the observed variation in edge of pack ice. (3) If the amount 
of warm water entering the Bering Sea varies fro1a year to year, the 
heat energy available for melting the pack would also vary correspondingly 
and as a result there would be a year to year difference in the southern 
boundar,y of the pack. As yet, no data to test this theory have been 
collected in the Alaskan Sector. Another factor may be related to 
variations in the warming effect of the continent • . While a possibility• 
this is not likely since statistical data on overall cloud cover and 
its effect on potential insolation and outgoing radiation appear to 
support the fact that annual variation is very modest. Solar radiation 
data from Alaskan coastal stations also support this fact. Perhaps 
the explanation is that a breakup at the edge of the pack is due to 
temporary strong winds with subsequent rapid melting of the ice and 
recession of the pack boundary northward. Rapid melting of ice was 
observed by the author in the summer of 1957 as well as by several 
observers in past seasons. Rapid melting only can occur if the ioe 
in question is winter ice. This baing true, then the edge of the 
pack composed primarily of polar ice must be far north of the Alaskan 
Coast. (3) The movement of the polar ice a>vay from the coast must have 
occurred during the preceeding winter, and must have been a result of 
a slow, steady movement of the ice. This suggests a current; possibly 
a strengthening of the Bering Sea current and the anticyclonic Beaufort 
Sea current. (See Chapt. 2) Little is knovrn about winter currents 
in the Beaufort Sea, but the foregoing discussion would seem to explain 
the presence of the great amount of winter ice so necessary to rapid 
summer melting. 
This then, is the yearly cycle of ice life in the Beaufort Sea. 
Much of the theory that attempts to explain the variation in movement 
and location of the pack ice boundary is only partially supported 
by data, and much more study must be accomplished before the theory 
can be strengthened. As part of the I.G.Y., comprehensive programs 
of research are now being devoted to investigating many of the unknown 
facts of ice p~sios. 
The following illustrations have been selected to illustrate 
some of the ice types encountered in the Beaufort Sea. They were 
taken by the author in the summer of 1957. The scale of the photos 
except as noted is 1:5000, . 
Figure 6 was photographed during the initial period of breakup, 
in April. The darkest areas are water; dark grey areas are young ice 
reformed during the breakup. 
Figure 7 shows the breaking up of fast ice into floes of winter 
ice . Some of the darker young ice has rafted or overlapped. 
Fir gure 8 was photographed near the shore lead and is an excellent 
example of the wind ' s effect on small pieces of ice. 
Figure 10 is an example of the ~rp cleavage which occurs when 
fast ice breaks up to form leads . Pressure ridges are moderate to 
heavy. 
A close examination of figure 11 indicates that ice breaks up 
along pressure ridges which are the weakest part of the floes. 
In figure 12 the left portion of the original floes has drifted 
away and has been replaced by young ice formed during the breakup. 
The floe in figure 13 was over two miles long. The ridgi:Q,g was 
extreme on the open water edge, giving some indication of the great 
pressure exerted by the pack upon it earlier in the year. 
The author photographed figure 14 on July 5. At this time, the 
manned floe was slightly north of 8CPN latitude and drifting north. This 
floe was trapped in the heart of the pack and provided an excellent 
laboratory for the study of pack ice conditions . Even this early in 
the summer, the runway was under five inches of slush and all supplies 
had to be airdr pped to the scientists manning the station - Photo takan 
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from an Air .:-F·o~ceoWeather Reconnaissance Patrol. 
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CHAPTER IV 
Ice Islands 
45. 
Ice islands are exceptionally large masses of ice both in areal 
extent and in thickness which are found in the Arctic Ocean ice pack. 
The largest of these is about 300 square miles in area. (2) While 
not indigenous to the Beaufort Sea area, ice islands do sometimes 
pass across the northern reaches of the sea and thus should be 
included in a study of the region. When first discovered, they were 
termed "floating islands 11 and later "ice islands". Easily distinguishd.d 
from pack ice from the air, ice islands, in addition to possessing 
large size also present a homogeneous appearance and pecu~ regular 
surface configurations. The surface appears rolling or ridged with 
wide shallow valleys situated between the ridges. Orten a rudimentary 
drainage system is observed with small streams bisecting the valleys. 
Because of the hardness and thickness of ice in the islands, they are 
able to maintain their shape for years, in contrast to the pack ice 
which under pressure, breaks and reforms constantly. 
Ice islands have three general physical characteristics, which 
are: 1)) Massive proportions and great thickness; two of the ice islands 
are larger than Guam. Thickness ranges from several times the thickness 
of pack ice to thicknesses in excess of 200 feet. 2) Regular 
corrugated surface relief. These corrugations are usually perpendicular 
to the high edge of the islands. The amplitude of the waves varies 
from a few inches to two or three feet. 3) A wedge shape, similar to 
an axe bl~de~ The highest portion of the island is at one edge, with the 
surface gradually descending to the lowest portion; always the 
opposite edges. { 'I ) 
In addition, ice islands seem to be more or lesssurrrounded 
by fr~nge ice, which looks and behaves like pack ice except that it 
is attached to the islands. The edge of the island either meets the 
fringe in a sloping beach-like structure or it may meet it abruptly 
somewhat like bluffs along the sea. Usually there is open water 
around some portion of the island which also indicates that its motion 
is different from that of the pack ice. 
Ice islands can be separated into two groups on the basis of size 
and location: 1) one group comprises a few large islands which drift 
in the Arctic Ocean; 2) secondly a number of smaller islands drift 
into the channels of the Canadian Archipelago. (11) Since all ice 
islands have similar characteristics, only those in group one, which are 
those found in the Beaufort Sea, will be discussed. 
Discovery and Investigation of Ice Islands 
On August 14, 1946 a vast mass of floating ice was sited less 
than 300 miles north of Point Barrow, Alaska. The discovery was made 
by an aircrew of the 46th Strategic Reconnaissance Squadron, USAF, 
stationed at Ladd AFB, Fairbanks. The sighting was made by radar and 
the ice mass was labeled Target X or T 1. (8) A security blackout 
was clamped on the sighting and speculation began as to its origin 
and probably future. The squadron sighted the ice mass many times in 
the next three years, usually on radar, but occassionally visually 
when periods of daylight and clear weather permitted. These sightings 
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showed it to be about 15 by 18 miles in size and having the shape of 
an arrowhead . During the course of the sightings , it was seen to 
drift over 1400 miles . No landings were made on it nor were any 
detailed studies made. On July 21, 1950, the 58th Strategic 
Reconnaissance Squadron, after three months of intensive searching for 
ice islands, visually located a second island, T 2. (8) Even at a 
range of 75 miles it stood out from the pack by reason of its great 
size - 17 by 18 miles and a difference in color. Upon closer inspection 
the typical corrugated surface features were apparent. The parallel 
valleys between the ridges appeared to be filled with water but low 
level observations later proved them to be frozen solid. 
The sighting of T 2 intensified further search and as a consequence, 
T 3 was discovered on July 29. (8) T 3 was smaller than the other 
-
two and kidney shaped rather t han arrowhead shaped. Radar discovery 
was confirmed by a visual sighting on August 24th and ridge and valley 
structure was much more pronounced on T 3 than on the other two islands. 
The questions raised by the discovery of the three ice islands 
(how many were there-what were their origins, eto) stimulated plans 
for anJ extensive reconnaissance program of the Arctic Ocean. Fifteen 
special Ptarmigan reconnaissance flight tracks to be flown in March 
and April were suggested when both daylight and minimum cloud cover 
might be expected . (7) These flights uncovered no new islands. In 
addition to these flights, a series of searches was made on a one-
per-month basis to keep track of the three lmown ice islands. One of 
these flights was arranged to explore the Arctic coast from Prince 
Patrick Island to the Eastern shore of Greenland. C~ian studies 
48. 
indicated that the ice islands might originate from the north coast 
of Ellesmere Island. (11) While several difficulties beset the 
aircraft forcing it to make an incomplete reconnaissance. it was 
discovered that much of the coastline of Ellesmere Island from Nansen 
Sound to Ward Hunt Island was covered with ridged ice similar to that 
of T 3. other flights in this area confirmed the similarity of ice 
and it was generally agreed that here was the spawning point for the 
ice islands. On one of these flights T 1 was rediscovered. unchanged 
in appearance from the last sighting 22 months earlier. Later in 
the flight T 2 was again .picked up. 
Over a period of four years many low-level observations from 
altitudes of 100 to 500 feet were made of the islands. Both T 1 
and T 2 were found to have extremely smooth surfaces. and even in 
August very little melt water was seen. In summer the surrounding 
pack ice is heavily puddled. Fletcher and Koenig (7) suggest the 
following explanation: 
"This smoothness can perhaps be explained by the 
fact that melt-water - both from surface ablation and 
from that flowing from stream channels ••• becomes impounded 
in the linear lows during the summer months ••• In late 
summer ofautumn. such melt-water refreezes and the 
relief of the 'undulated structure' is consequently 
reduced. This process can be repeated, perhaps without 
all of the blue ice frozen during the previous year 
becoming melt again in subsequent seasons. (This could 
happen especially if the 'island' broke out and drifted 
to more northerly climes). At any rate. it is possible 
to visualize a progressive cycle of melting and freezing, 
which not only tends to level the surface but also to 
add considerable structual strength to the overall mass." 
Low-level observations of T3 were possible in May when the 
island was entirely covered with snow. It was seen that the 
ridge-valley relief was much more pronounced than on T 1 or T 2. 
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Apparently T 1 and T 2 had weathered considerably more than T 3, 
which bore a much greater resemblance to the ice at Ellesmere 
Island. 
Frequent observations of t he islands by the 58th Strategic 
Reconnaissance Squadron over a period of many months suggested a 
cir cular motion along the Canadian Archipelago and then north 
toward the Pole at a rate of about 12 nautical miles a day. It 
was suggested that since the motion of the islands differed from 
that of the pack, perhaps it was currents which moved the islands 
rather than the winds , which are prim. movers of ice pack. Sub-
sequent observations made while physically occupying T 3 proved 
that this was not so. (5) . 
The USAF was not alone in its interest of ice islands. 
Joint United States and Canadian Air Force reconnaissance and 
photographic missions vrere conducted to augment ice island data. 
In addition, Canadians worked on their own in this investigation. 
As early as 1947, a joint USAF/RCAF flight photographed an ice 
floe with ice island characteristics previously mentioned . Later 
comparison made with photographs of the three t• s showed it to be 
T 3. Other sightings and photographs in ensuing months proved 
beyond doubt that it was T 3, thus adding three years to the known 
life of that ice island. other ice islands were discovered by 
Canadian Air Force Reconnaissance planes; one significant photographic 
flight captured not only an island but its birthplace. (13) 
Photographs revealed that the shape of the islands could be matched 
to a jagged gap in the shelf ice of Ellesmere Island. Smooth fast 
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ice had filled in the shelf where the island used to be, preserving 
the point of origin of the drifting floe . Canadiansalso assisted 
in keeping track of the vmereabouts of the three T islands dis-
covered by the U.S.A.F. This gave valuable data on the rate and 
kind of movement experienced by these floes and gave more continuity 
to the charting of the islands . Because of their reconnaissance 
efforts throughout the Canadian Archipelago, the joint total of 
USAF/RCAF ice island discoveries reached 28; most of them smaller 
islands drifting in the channels between the islands in the 
archipelago. (13) 
Origin of the Ice Islands 
Even the earliest reconnaissance of the ice islands suggested 
tl~t they were neither sea ice nor bergs calved from valley 
glaciers . Their great size, thickness and apparent strength pre-
cluded their being included in either of those two categoDies. 
Studies by air of the north coast of Ellesmere Island suggested 
that here was their birthplace. (11) Photo studies by the 
Canadians definitely linked the Ellesmere shelf ice and the ice 
islands. Physical characteristics of both the island ice and the 
shelf ice were too much alike to be mere coincidence . Several photo 
missions proved this . Physical occupation of T 3 gave additional 
clues as to the genesis of this unusual ice. 
Seismic soundings revealed an average thickness for T 3 of 
about 200 feet , with a maximum thickness of 250 feet and a maximum 
height above sea level of 40 feet . (5) Ridges on the island are 
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from 1000 to 3000 feet apart and 10 feet in height. The presence 
of rafted pack ice standing on edge along the sides of the isl and 
indicates that great pr essures ar e applied by i ce pack to the 
island without changing its structure in any way . Surface explorati on 
of the ice island revealed that ice resembling T 3 fills many of 
the fjords on northern Ellesmere Island 6 and a l so fringes the coast 
between them. Thi s "gl acial f r inge" presents many of the character-
ist i cs of Ant arctic shelf ice . (11) I t extends seaward several 
miles from the coast and is afl oat apparently for much of this 
distance. This shelf is fed f r om the mountainous interior of the 
island. Gregory'" Hattersley..Smith (11) states that a l ong t he coast 
there are obvious signs of glacial reeession. Glacier s ~:re­
treated from the walls of their valleys 6 and ~~om t r i'Qut,ory<gJ.ao.iers . 
In some cases , these t r ibutary glaciers have been cut off f r om 
their parent snowfields . He concludes therefore , that the main 
glaciers which reach the coast must be drawing on reservoirs of 
ice accumulated during a ;:period of greater snowfall . The retreat 
of the swAller tributary glaciers must have caused considerable 
thinning of the shelf ice recently and hence must have contributed 
to its tendency to break up. This explanation appears to be the 
most logical account toward understanding the source and conditions 
of origins of ice i slands in the Arctic . The fact that evidence 
exists supporting the emergence of the north Ellesmere coast in 
relatively recent geologic time is not a significant factor in 
determining a structure upon which shelf ice could build even though 
shelf ice in the arctic is a rarity. Per~ps the verified recant 
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increases in temperature and salinity of sea water in the Arctic , 
which reflect the wanning trend in this region would tend to en-
courage destruction of the ice shelf thereby increasing chances 
for ice islands to calve from it . (11) Warming of the region has 
resulted in increased melting in the summer, with large quantities 
of water and morainic materials pouring upon the shelf . Thus 
drainage patterns and the alternate ridge valley relief observed 
on the ice islands may have been built up. Layers of debris and 
morainic material would be expected to be found on the ice islands 
as well as on the shelf and cores drilled from T 3 have shown just 
such a layering pattern. (11) 
Rolling relief is common on the shelf ice of the Antartic and 
thus it is logical to expect similar structures on the Ellesmere 
Island shelf. There are a number of possible causes for this 
relief, such as movement of the glaciers, movement of the shelf 
ice, pressure of the pack ice, temperature changes, tidal and wind 
action. Hattersley-Smith feels that several of these factors, 
acting together or separately, could account for the ridge-valley 
characteristics found on ice islands. (11) He states that the 
rolling relief found in the upper reaches of the large fjords must 
be due to pressures created by the seaward movement of the glaciers. 
On the other hand , ~n~ mnall bays and inlets not enough ice pressure 
exists to produce the relief, so he concludes that weathering of 
ice previously folded produces the rolls. It has been observed 
that on the outer portion of the fjords and along the exposed part 
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of the coastal shelf , existing ridges generally run parallel to 
the coast . This supports the belief that pressure brought to 
bear upon shelf ice by pack ice causes such relief . Hattersley-
Smith in concluding his paper on the origin of ice islands (11) 
states that their development as part of the ice shelf was not 
recent, probably occurring before the post- glacial period at a 
time when precipitation was greater, summer temperatures were 
lower and sea temperatures were also lower. The present climatic 
regime eould hardly be expected to produce an ice sheet of 
approximately 200 feet in thickness. Thus the ice shelf and the 
ioe islands which have cilved from it should be regarded as relic 
glacial features. 
While there is some evidence to support the theories of most 
of the other possible origins of the ridge-valley relief , the 
above conclusions seem to be the most reasonable . For this reason, 
the author has not attempted to enumerate these several other 
minor theories . At any rate, further study by glaciologists and 
other earth scientists is needed »efore any of the hypotheses 
can be verified. 
Early Historical Encounters with Ice Islands 
There are many descriptions of ice phenomena in the literature 
of early Arctic explorers that will pertain to what is known today 
as ice islands . Since much of the earlt travel in the region was 
on the surface where the distinguishing features of the islands 
would not be nearly as obvious as from the air, no really clear 
account can be expected;· however, phenomena are described for which 
there can be no other explanation. A few instances are mentioned 
here as examples . 
Stockerson, of the Canadian Arctic Expedition, drifted on an 
ice floe in the Beaufort Sea from April to Octobe~ in 1918. This 
description of this floe marks it as one of the most likely ioe 
islands in the literature• 
"The floe •• • oan be described as a large island 
of ice about seven miles wide and at least fifteen 
miles long • •• In relation to the smaller surrounding 
floes it acted exactly as land does . The smaller 
floes would be more affected by the winds and would 
drift faster back and forth , depending on the direction 
of the winds •• eFrom an elevation close by our camp 
the panorama presenting itself impressed me exactly as 
that of a certain kind of land . The colour of course 
was the bluish white of ice but the contour of the 
hills , the ridges and the levels in between and in 
which numerous small lakes and ponds were visible , was 
exactly like certain stretches of prarie in the mid-
vrestern United States and Canada ••• The thickness of 
the ice at our camp, judging by the amount of it 
visible above the level of the sea , I should say would 
be about 50 or 60 feet . This extraordinary thickness 
was just local and the average of the whole floe 
naturally would be much less, probably less than 20 feet ." 
(15) 
Cook, in his attempt to reach the pole by sledge , travelled 
over a considerable distance in the Arctic Ocean and in his 
chronicle provides a fai r ly definite reference to an ice islandt 
"From the eighty- seventh to the eighty eighth 
parallel we passed for two days over old ice without 
pressure lines or hummocks . There was no discernable 
line of demarkation to indicate separate fields , and it 
was quite impossibl e to determine whether we were on 
land or sea ice . The barometer indicated no perceptable 
elevation, but the ice had t he hard , wavering surface 
of glacial ice, with only superficial crevasses." (2) 
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Early explorers in their tracks over the pack frequently reported 
the discovery of land islands which subsequent aerial explorations 
proved not to exist. "Keenan Land" in the Beaufort Sea and "Ta.kpuk Island~ 
also in the Beaufort Sea are but two of these imaginary polar 'llsle.nds. 
It is probabl~ that these references were about ice islands, as an 
examination of the history of Takpuk Island seems to indicate. 
Takpuk Island was discovered in 1931 by an Eskimo 6 Takpuk6 in 
his schooner of the same name. This island is well documented, since 
the disuoverers occupied it and photographed it. It was described by 
Steffe.nsonr 
"Half a. mile long and of nearly the same width, 
but with an irregular outline ••• The island was highest 
at the south-eastern end, sloping tmvard the northwest. 
The hill (at the southeastern end of the island) was 
about as high as the highest land on the shore line 
near Barrow, which is Cape Smythe, about forty or fifty 
feet above sea level. The surface was rolling and there 
were small ponds." (18) 
Except for the presence of the hill, this description fits almost 
exactly the pattern of ice islands. An examination of the photos 
the Eskimos took indicates that the hill might have consisted of 
coa.rse 6 unconsolidated morainic material from the parent glacier. 
In addition6 the position of the island, as reported by Ta.kpuk, is 
not very far from the known track of T 1. 
Further Ice Island Research 
In March 1952, the first landing was made on T 3 by a. ski-
equipped C 47. (5) Colonel Fletcher and others from his squadron 
remained on the island to perfor.m reconnaissance and errect a. campsite. 
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A month later, personnel from the Geophysics Research Directorate of 
the USAF Cambridge Research Center, Air Research and Dvelopment 
Command were landed on the island with their equipment and together 
vdth Colonel Fletcher began to make scientific investigations. This 
work has been going on intermittantly since then and continues at 
present largely in support of the International Geophysical Year. 
AFCRC is conducting most of the research. The scientists are making 
core and test pit studies, seismic investigations, heat budgetstudies, 
ice drift studies, gravitational investigations and oceanographic 
studies. In addition, collections are being made of the various 
materials and objects found on the island and in the sea near by. 
On.ly preliminary reports are available and much of the data gathered 
are as yet unconsolidated. Upon the completion of the research, 
much of the vagueness of the knowlege of ice islands should be removed. 
I.G.Y. studies of ice islands by other nations including the Russiaas 
will&lsoserve to increase knowlege of these interesting and remote 
phenomena. 
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CHAPTER V 
Ice Forecasting and its Significance 
Historical Background 
Ice forecasting is an applied science that is not more than 
30 years old, and which is even newer in the United States. The 
construction of military bases in southern Greenland, Baffin Island, 
Labrador and northern Alaska provided the stimulus for the development 
of ice forecasting methods. The construction of the WIND-class ice 
breakers enabled ships to supply these bases providing that it was 
not necessary to plow blindly about in ice-choked waters. In 1944, 
informal ice reconnaissance began in the Beaufort Sea as the need to 
build and re-supply the Petroleum Reserve Camp # 4 .at Point Barrow 
was established. From 1946 until 1950 the re-s~pply route was expanded 
in this area, both in the e~tent and in the size of the operation, 
utilizing the growing joint Canadian-United States weather network 
as an aid in moving ships in the area. Nevertheless, during this 
period , ice reconnaissance was regarded as a scientific not a tactical 
project. No emphasis was placed on maintaining scheduled ship routing 
and the philosophy of the day was~; "ice is where you find it." 
However , for a long time the u.s. Navy Hydrographic Office had been 
interested in sea ice and its effect on ship transit. As early a t 
1900, the USNHO .Annual Report stated: "In the more northern coast 
(Branch HYdrographic) offices during the ice season in the North 
Atlantic, few shipmasters would leave port without visiting the officer 
in charge for the latest information as to ice conditions." Thus, when 
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increased activity in Arctic waters made necessary some means of 
predicting ice movements and consequent changes in shipping routes 1 
the challenge was given to the newly created Division of Oceanography 
of the HYdrographic Office . 
Some studies of ice conditions in the Arctic has already been 
undebtaken in a general way prior to the war 1 and more specifically 
just after it . In 1945 the Hydrographic Office had produced 
Publication Nr . 550 1 the "Ice Atlas of the Northern Hemisphere . " 
This proved to be useful for general planning 1 if not specific 
logistical and tactical planning. Synoptic ice information was 
needed 1 however 1 so a program of research and reconnaissance was 
developed . The Air Weather Service of the USAF 1 Corps of Engineers 1 
Navy Electronic Laboratory 1 Office of Naval Research and private 
contractors were called upon to assist in gathering data . In 1950 the 
experimental observing techniques developed on USAF Ftarmigan flights 
to the north pole were utilized by civilian scientists of the 
HYdrographic Of fice flying on specially assigned RCAF Lancaster air-
craft over the Canadian Archipelago. The following year the same 
techniques were employed in USAF Aircraft operated by ~~TS . This 
latter program was in actual suppprt of ship movements because ice 
damage to the ships was extremely great. As a result of several near 
disasters to ships in the area , the Military Sea Transportation Service 
requested a HYdrographer of the u.s . Navy to expand the ice observation 
service in 1952 over the entire eastern North American Arctic 1 and to 
issue long-and- short range ice forecasts . 
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With high- level official support, progress in ice forecasting 
methods and techniques mounted rapidly. In 1952 the first naval 
patrol squadron was assigned on a full - time basis under the direction 
of civilian ice recom1aissance specialists. The first long- range ice 
forecasts for shipping conditt0ns were issued in March 1952, and the 
first attempts at a master synoptic plot of ice conditions in the 
Eastern Arctic became possible. (1) In 1953, the observation and 
reconnaissance program was expanded westward to include the Canadian 
Archipelago and the area north of Alaska . By utilizing the U.S. 
Weather Bureau's five and thirty day mean pressure and temperature 
charts , it >vas possible , with partial success, to forecast ice move-
ments in the open sea. Successful trial tests of the expected rate 
of heat loss of water of known salinity and temperature were also 
carried out in this year . (3) 
The year of consolidation for the Navy's ice forecasting and 
research program wa~ 1954. The Chief of Naval Operations issued an 
order which placed the testing and observing programs on an 
operational basis . A training course for ice observers was prepar ed 
and administered by the Hydrographic Office . An intensified ice 
reconnaissance program was established utilizing patrol squadrons based 
at Argentia , Newfotmdland and Kodiak, Alaska. In the Beaufor t Sea 
area , the late winter and spring reconnaissance was conducted out of 
Kodiak, where in July , the squadron shifted to Fairbanks . From Ladd 
AFB daily flights (weather per mitting) were sent north as long as there 
was shippipg in the Beaufor t and Chukchi Seas . As needed , direct ice 
reports were radioed to ships in the area and maps were prepared by 
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ice observers to be used by field ice forecasters in preparing long 
and short range forecasts . 
During 1954, four basic kinds of ice forecasts were issued : 
1. A daily short range forecast of up to 48 hours duration, 
prepared both by field forecasters and the Hydrographic Office in 
Washington. It was found that the field forecasters were better able 
to "get the feeling 11 of conditions of their assigned areas; because 
of this and also the frequent Arctic radio blackouts, the field 
forecasts were, in the future , the only short range forecasts made . 
2. Semi-weekly long range forecasts of up to five days duration, 
prepared at the Hydrographic Office, and based on the observed ice 
conditions and the Weather Bureau's five day forecasts. 
3. Semi-monthly extended outlooks of up to thirty days duration, 
prepared at the Hydrographic Office am based upon current ice conditions. 
the thirty day weather forecast, surface water temperature, and current 
climatological data. 
4. Seasonal outlooks of up to 150 days duration, prepared at 
the Hydrographic Office for periods of break-up and freeze-up, based 
upon recent oceanographic data, climatic trends of previous months and 
a statistical comparison of current ice conditions were those in the 
past. (1) 
It can becseen then, that the ice forecasts deal with the three 
problems of ship transit in such an area: 1) those of ice formation 
and growth; 2) disintegration of floes; and 3), the movement of 
floating non-fast ice. Fortunately for this pioneering effort at 
full scale ice forecasting operation, 1954 was one of the most 
open-ice years in the Beaufort Sea ever witnessed . Almost complete 
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freedom of movement was possible with the aid of forecasts. 
The impact of the decision to construct the DEVf line on the ice 
forecasting program cannot be over-estimated. The tremendous problems 
created by the necessity of moving large numbers of ships into the 
area each summer to supply the nmv sites greatly accelerated the 
development of ice forecasting techniques. The HYdrographic Office 
doubled its forecasting staff and developed teams of scientists and 
frogmen to be flavm into the area for early reconnaissance and survey. 
In addition1 an expanded course in ice forecasting was developed, to 
be conducted early in the next year, 1955. 
The Procedures of Ice Forecasting 
Follmnng the years of development and field trials, ice fore-
casting procedures became standardized and remain little changed up 
to the present . The results of the ice forecasts are not as accurate 
as weather forecasts in the United States and elsewhere . both because 
of the many variables : in the forecasting formulas and equations, and 
because to a great extent of the dependence on visual observations. 
The variables in the equations are caused by generalities in data, 
such as oceanographic and weather information, which must be interpolated 
from reports from widely scattered areas . 
It must be remembered that ice forecasting exists for the sole 
purpose of facilitating ship transport in Arctic water . Since it is 
possible to navigate ships for only a few weeks in such areas as the 
Beaufort Sea , there are periods of intense and slack activity. It is 
not feasible to have a ~large number of data recording stations set up 
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for such a limited use. Therefore, much of the data received must come 
from aircraft and ships. These data are necessarily not as complete 
or as accurate as could be desired. Thus as presently followed, the 
yearly cycle of ice forecasting activities is chronicaled below. 
Emphasis is on forecasting in the Beaufort Sea; however, similar 
activities take place elsewhere in the Arc·bic. 
The ice forecasting year starts in the fall after all ships have 
left Arctic waters and freeze-up has begun. At this time ocean 
temperature and salinity data is recorded, weather outlooks are studied 
and weekly or bi-weekly ice patrols are flown. The ice observer 
aboard, commonly an aerographer 's mate trained at the ice observerf's 
school in New Jers~y, records not only the areal extent of ice, but also 
the summer's residue and growth of young ice, and plots the southerly 
progress of the pack. These data are sent to the Hydrographic Office 
to be used later in preparing the spring outlook. 
Winter is the season of least activity. Such meagre data as can 
be received from the USAF Ptarmigan flights and tre Arctic weather 
station network are received and collated with the data taken in the 
fall. Darkness prevents any ice patrols. Ice cover of the Beaufort 
Sea approaches 100% at this season. 
In the spring, preparations are rm.de for issuing the 11150 day 
outlook.," In April, ice forecasters from the Hydrographic Office 
which are accompanied by ice observers, fly an ice patrol over the 
entire area noting such items as the extent of fast ice, snmv cover, 
ridging and the percentage of concentration of ice to water. Some 
oceanographic and more weather data also is assimulated. Utilizing 
previously gathered information and including climatological data 
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and observations of forecasters , present conditions are checked again~t 
previous years' conditions and the outlook is issued~ This is 
modified as needed as more patrols are flown and the break-up begins. 
One of the most important items in the outlook is the predicted date 
that ships can enter the Beaufort Sea past Point Barrow. The entire 
planning operation of ship loadings and sailings is constructed around 
that date . Surpris ing accuracy attainable for this predicted date 
happily allows the preparation of a rather rigid schedule saving much 
time and money. In 1956 the predicted date of entry missed the actual 
date by only two days . Were the error a matter of weeks it would 
mean that ships would have to stand idle off Point Barrow at a cost 
of thousands of dollars a day per ship . 
StmUner with its resupply operation ushers in the field forecasting 
operation by Hydrographic Office ice forecasters . The field fore -
casting team for the Beaufort Sea area arrives in Fairbanks . the 
base of operations, about July 15. Headquarters is set up in the 
office of the A ir Weather Service of Ladd AFB . About July 1, the 
Ice Patrol detachment of a Navy patrol squadron moves its Neptune 
Patrol bombers from Kodia~Naval Station to Ladd AFB and begins an 
intensified program of ice reconnaissance . Once forecasters arrive . 
flights are sent out on a daily basis . Until the ship convoy arrives 
at Point Barrow, the main mission of the squadron and the forecast 
team is to keep track of the pack brundary. the shore lead , ice free 
areas and potential trouble sp ots:. Ice concentrations and the location 
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of polar and winter ice also is recorded from observations made by 
planes that tly regularly scheduled routes. Information obtained is 
transmitted both to other field locations and to the Hydrographic 
Office . Forty-eight hour and five-day forecasts are issued. With 
the arrival of ships, the tempo is further increased. R 4 D aircraft 
operating out of Point Barrow also fly ice reconnaissance. A fore -
caster on the flagship which is stationed at Barrow until the ships 
are ready to return south prepares forecasts for the area covered 
by the reconnaissance . Liaison is maintained with Neptune patrol 
bombers and the team at Fairbanks . Routes of the Neptunes are changed 
to meet changing ice conditions , and to follow the paths taken by the 
supply convoys . Close support is given to the ships as needed . When-
ever a convoy is located , the ice observer aboard the aircraft radios 
a message to the command ship , giving infor.mation on hearby ice conditions 
and suggesting the best possible course to follow. Forecasts are 
prepared daily by the forecasting teams which are transmitted via word 
message on r adioteletype and graphically in the form of a prognostic 
chart on radio-faesimile . Commxnicating circuits are so set up that 
all interested parties both on land and SBa receive data. 
Rorecasts are prepared immediately after the return of the 
reconnaissance flight to Fairbanks . The ice observer , who has been 
charting ice conditions within range of his vision during his flight, 
compiles a composite chart of his observations which he turns over to 
the forecasters . ~hey· in turn compare this chart with the previous 
day ' ~ prognostic chart and begin a new prognostic chart . Data from the 
observer's chart is combined with latest weather information received 
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from Arctic l eat her stations ~nd the latest ptarmigan flight. Once 
the new chart is prepared, it is readied for facsimile reproduction 
and transmission) the word message also is compiled. Since the fore -
cast is for the entire North Alaskan and West Canadian coast, both the 
chart and the message must necessarily be detailed . Concentration 
of ice, its age, and its expected movement are all annotated for the 
entire area . Normally six hours after the patrol aircraft has landed, 
the forecast is in the hands of t hose who have need of the information. 
(See illustrations 15 , 16, & 17) . This procedure is a daily routine 
until the ships have cleared the area on the wey- south at which time 
the operation is suspended , and the fall procedures described above 
again are followed . 
The Role of Ice Forecast s i n Arct i c Ship Operations 
The vital necessity of accurate , up- to-the-minute ice forecasts 
is best shcwrn by an examination of the MSTS operations in the Beaufort 
Sea in the summer of 1955. In this year , 57 ships carrying 8, 500 men 
and many hundreds of thousands of tons of supplies and equipment moved 
past Point Barrow into the Beaufort Sea to effect the resupply operation. 
It was also in the summer of 1955 that Arctic weather provided one of 
the worst ice years in its history. Wi hhout the data provided by the 
Hydrographic Office ice forecasting teams , it is extremely unlikely 
that the operation could have been completed or that many of the ships 
could have escaped from 11winteri:tt in11 and probabl e destruction. 
During the first week in August , the task force succeeded in 
transiting the critical area between Point Barrow and Herschel Island. 
Same ice breaker assistance was needed in spots but by the time the 
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ships had reached open water, east of Herschel Island, they were 
approximately on schedule. During this first week in August, the 
polar pack had been slowly retreating off the Alaskan coast in the 
usual manner. On August 8, the thirty-dey- ice forecast, based in 
part on the Weather Bureau 1 s mean pressure outlook, called for a 
widening of the shore lead and the usual disintegration of drift ice. 
By the 16th however, it had become apparent that the thirty-day mean 
pressure prognostication was not going to materialize. The polar 
pack had stopped its seaward retreat, and in addition, the circumpolar 
cyclonic wind pattern was rapidly increasing in strength. Reorientation 
of storm paths occurred such that an almost continuous onshore flow 
of cold air was set up. At this time, a special ice bulletin was 
relayed to the task force commander by the ice forecasters advising 
a more severe ice year than in the past and warning of an early 
closing of the lead at Point Barrow unless conditions improved. The 
commander then called for a comprehensive long-range forecast which 
was sent to him on the 26th. This forecast advised a shoreward move-
ment of the pack, the early formation of young ice in the lead, a 
drop-off in the rate of disintegration of the drift ice, the liklihood 
of at least temporary closing off of' the lead at Point Barrow with 
the possibility of the lead opening up again temporarily in the latter 
half of September. In late August, the pack did move onshore at Point 
Barrow and at Point Franklin 50 miles to the southwest. After a 
temporary retreat offshore a few days later, the pack again closed the 
lead on September 1. In the meantime the ships were almost continually 
harassed by ice but had completed their supply mission with the help of 
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icebre;kers , reconnaissance flights and local ice forecasts . They 
then proceeded westward and began to group up at the end of the lead 
east of Point Barrow. However, after August 24th not a single ship 
could move past the point . In the meantime , ice forecasters were 
anxiously watching atmospheric pressure patterns and keeping careful 
track of the ice conditions around Point Barrow. Recommendations were 
made at fleet headquarters as to how the ships might "winter in" if 
necessary. 
At last a storm stagnated in the Bering Sea on September 6 and 
the long hoped- for offshore winds began to materialize . Forecasters 
advised the possibility of a shore lead forming . On September 8, 
finally release of pressure on the pack resulted in opening up enough 
water for ship .movement and with the assistance of icebreakers , the 
first of the stranded ships moved around the point. Grounded polar ice 
necessitated the hacking out of a 2700 yard channel . inds held and 
on the 17th, the last ship cleared Point Barrow and the 1955 ice 
season was over as far as the ship convoy and the forecasters were 
concerned . (1) Of the 57 ships which passed Point Barrow in August 
only four returned undamaged . Considering the severity of the ice 
conditions , hmvever , the fact that no ships were lost and only two 
were under tow, made the operation a highly successful one . Masterful 
seamanship , particularly by the icebreakers, and the accuracy of the 
ice forecasters permitted the accompl ishment of what might easily have 
been a disastrous mission. 
The vital role played by the ice forecasting and observing 
personnel in the operation convinced these in command that even more 
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intensive efforts at this new science were in order. Consequently, 
greater numbers of highly trained personnel were put to work in 
studying sea ice and the ice observer ' s school expanded the training 
of more technicians making use of the new knowledge gleaned from the 
1955 operation. At the present time , the Hydrographic Office is 
developing the science of ice forecasting on a career basis . Ship 
movements in the Arctic is felt to be an expanding operation, and with 
the ever- increasing strategic importance of the area the variables 
in ice forecasting equations must be reduced to constants. Ice fore -
casting has become a vital weapon in the defense arsenal of the 
nation. 
CHAPTER VI 
The Utilization of Aerial Photographs in Sea 
Ice Forecasts 
72. 
Ice reconnaissance and ice forecasting in support of surface 
navigation in the Arctic regions requires a detailed knowledge of 
seasonal and areal ice distribution, as well as knowledge of con-
figurations of ice types and ice relief . Ice forecasters use synoptic 
meteorological, oceanographic and ice data. The collection and record-
ing of the meteorological and oceanographic data is a physically and 
mathematically defined factor of measuring phenomena with instruments, 
whereas, the gathering of ice data is left mainly to the non-instrumental , 
subjective perception by ice observers . Ice data thus contains in-
herent subjective variables which when used in the physical forecasting 
formulas based upon meteorological and oceanographic data tend to spoil 
the Accuracy of aDy sea ice prediction. Therefore, it becomes mandatory 
that something more precise and reliable is needed to replace visual 
ice observation data. Many subjective observations can be ultimately 
based upon a system of factors measured by instruments . 
In tropic and tempera·te zones navigation of the seas relies upon 
charts showing atmospheric and sea surface conditions . In Arctic 
regions , a partially solid zone interposes itself ; the ice crust, which 
is unlike a solid land surface . Ice surface patterns change constantly~ 
season by season , day by day, and hourly. Obviously, it is not possible 
to have maps covering all the icy seas for every day of the year. 
Even though there is no sufficiently dense network of 
73. 
meteorological stations. it is possible to use data from widely 
distributed stations to compile weather c~$ that present the physical 
forces of the atmosphere • as well as their influence on the sea surface. 
Unfortunat el y there are even fewer Arctic oceanogr~phic stations tl~ 
there are meteorological stations. Never theless. data collected give 
a f air knowledge of main currents. temperature changes and other 
factors . It is possible to construct general oceanographic charts 
which show the physical forces of the hydrosphere influencil.J.G sea-ice 
conditions and pa·tte rns . .A:n inportant missiD.;:! link in any series of 
charts is the lack of basic information based on scientifically object-
ive data. Only the collection of information based on sound premises 
and measureable instnumentally can furnish the data for more valid 
ice charts . Systema.tie daJGa relating to concentration, at;e and other 
phenome~ can be used as constants in the ioe f orecast ~ormulas. only 
then can the calculations of the interrelations of the atmospheric. 
oceanographic and glaciographio factors be used for the standardization 
of forecast procedures. 
Limitations and Objectives of the Application 
of Aerial Photographs to Ice Forecasting 
-... "" 
. . 
Limits for the collection of itemized ice data and for the can-
struction of ice charts are predesigned by the forecast categories 
presently in use. which are: 1). the short-range ice forecasts for 48 
hours and for 6 days;. am 2) • the long-range for-ecasts for 30 days 
and for one year. The different nature of these forecast types 
requires four different chart types, but for each chart type, the basic 
data to be collected are the same and can be regarded as topical items. 
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Such t opical i tems ar e ; 1) t he concentr at i on of i ce and ar eal di stributi on 
of concentration types; 2) , size , thickness, vol ume , shape and 
orientat i on of individual ice f r agment s, as we~l as the kind and age of 
ice and re l ative quantity of polar ice; 3) disintegration and formation 
of sea i ce, ice r elief f eatur es and patterns , including s i ~e, h~ight, 
orientation and slope conditions of pressure ridges, hummocking and 
warping; ice roughness averages; and 4), characteristics of sea-ice 
distribution, such as cracks, leads and polynyas, or ice-encircled 
open-,vater areas , characteristic features related to sea-ice relief, 
such as snow cover and puddling and characteristics of fast-ice bound-
aries, or the origin and orientation of drift . 
Most of the mentioned topical items are topographic by nature . 
Therefore, it seems reasonable to use aerial photographic procedures 
for charting and evaluating these sea-ice features. Although it is 
hoped that a speedier , more effective accurate way of collecting and 
relaying data and constructing charts may materialize by using direct 
electronic scanning of areas . The first stepj tOWards this final goal 
is based on analysis, evaluation and developing methods for sea-ice 
forecast by utilizing aerial photographs. 
The objective ~asea-ice aerial photography project is to develop 
and produce systematic techniques for the recognition and identification 
of various sea- ice types . In addition , areial photography aids in the 
analysis of the distribution and prediction of ice disintegration, 
concentrations and movement . Moreover, photo interpretation techniques 
have to materially assist in the prediction mf ice conditions for both 
short-range forecasts and long range planning . A main purpose is to 
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find ways and methods to facilitate ice forecasting in given areas 
by aiding ice observers during their training period, during their 
visual charting flights~ and helping the ice forecasters by supplying 
them with data applicable to their synoptic forecasting procedure. 
Therefore, be sides the topical item requirements~ there are tv1o 
other factors of importance~ 1) the best possible area coverage~ and 
2) efficiency in converting ~hotgraphic exposures into reliable data. 
An Aerial Photographic Sea-Ice Classification 
The evaluation of methods for utilizating photographs for sea-
ice forecasting must allow for comparing the above -mentioned topical 
items to the currently used types of aerial photos . Within the term 
~~ is included film type~ such as color~ infrared, or black and 
white; exposure type~ such as vertical, or oblique; exposure scale and 
finally coverage, such as spot shots ~ overlapping series photography~ 
continuous stip photography and others . A detailed description of 
the various types of photographs is not necessary~ however , it should 
be noted that for m9st procedures~ vertical photographs using several 
different emulsions furnish the best material. Analyses and comparative 
studies of the various kinds of photography with respect to ice- fore-
casting requirements has resulted in the recognition of the following 
classification of elements. 
First ~ there is a category which requires the measuring of place , 
i . e . two dimensional elements vmich appear on individual spot sh~ 
or sequence photography taken during one single flight . These can also 
be called area elements. SQC~lythere is a category containing 
spatial ~ i . e ., three dimensional elements. These can be called relief 
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and also the average roughness of ice are three-dimensional ice surface 
items of the space category. The time element category comprises 
among its two dimensional items with ice-to-water relations, the direction 
and speed of ice drift, changes in ioe distribution, and the changes in 
location of ice boundaries, such as fast-ice boundaries. The remain-
ing items of this category are those in which changes occur according 
to melting or freezing; for instance, kinds of ice, age of ice, 
relative quantities of polar ice during different seasons or shorter 
time intervals, and the changes in ioe surface configuration, inclusively 
puddle: pattern changes. 
Coverage and Evaluation Procedures 
It is obvious that the entire Arctic Sea cannot be covered with 
aerial photography during different season . and not even smaller regions. 
like the Beaufort Sea, could be photographed week for week or day for 
day. Not only is the area too large for such coverage flights, but 
Arctic weather conditions pose a major barrier to the acquisition of 
qualitatively good or even fair photographs . Therefore, detailed 
programs have to be prepared which outline the year.to-year tasks of 
obtaining the necessary photographic coverage. These programs have to 
consider and evaluate possible weather conditions and operational 
facilities. Moreover, oriented photographs have to be obtained. This 
is not always easy because or- chronic overcast conditions and lack of 
control points. The inclusion of significant land features in each 
mission cannot always be secured for series photographs or strip 
photography. Oriented photographs alone will assist in the determination 
of direction of leads, cracks, pressure ridges, orientation of longer 
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elements for which vertical series photographs with overlap. or oblique 
shots taken during one single flight are required. Thirdly there is a 
category which contain time elements an~ therefore, cannot be 
evaluated by simple measurements in individual or series photographs, 
but must be compared to other photographs which were taken during 
various seasons along the same flight route or in its immediate 
vicinity so as to obtain a record of the changes that have occurred. 
Here it is necessary to distinguish between topical items and elements 
of displacement. Topical items are designated as two-dimensional 
changes in the ice patterns and directions of movement. Displacement 
items contain elements of ice growth and ice disintegration, that is, 
three dimensional changes affecting ice patterns. Volume and relief 
configurations could also be called four-dimensional elements. and are 
another category for consideration. 
In each category two factors are to be considered, 1), the relations 
of ice to water. and 2), the interrelations of ice surface features. 
Thus. for instance, concentration (either the absolute. or the 
relative by size). size fragments per unit area, the shape and the 
orientation of the longer axis of ice fragments, and the area, 
dimensions , shape and orientation of features related to sea-ice dis-
tribution, like leads • cracks and polynyas ·be1.oJ% to the category 
of place ele~nts . Dimensions of floes, orientation, and distribution 
of ice relief features and patterns, as well as puddling and snow cover 
belong to the place element category with tv1o dimensional ice surface 
relations . Ice thickness and the depth of puddles are three-dimensional 
ice-ta-water relations of the space element category, whereas, the 
individual ice relief features , like pressure ridges, hummocks, warping , 
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axis of floes, and similar items. Also, location control is essential 
to oorreot mapping and forecasting which can pose difficulties for 
places which are a considerable distance offshore. Because navigational 
operations are confined to certain r eutes· it becomes imperative to have 
dense network coverage with decreasing time intervals towards the 
navigation period in summer. Spot shots or short strips will suffice 
in the polar pack area during the entire season. Preliminary tests 
made over the course of one year have indicated certain methods and 
procedures to follow. Those procedures suggested below appear to 
insure a greater degree of success when such techniques are put on an 
operational basis. 
Whereas the long-range forecast for one year leaves plenty of 
time for developing of films, prints, evaluation of exposures and 
measuring of topical items , all other forecasts require speed procedures . 
It also must be considered that strip photography or series photography 
has to be analyzed . The number of individual exposures may be as high 
as three to four hundred per day. In the category of topical items 
with area elements, vertical photographs could well be evaluated with 
an areameter, or, for a superficial analysis or estimate, with an 
overlay grid series . Tests have shown that these practices are time-
consuming and therefore of limited value to short - range forecast . 
Nevertheless, the topical items with area elements are the most 
important to ice forecasting . Since this group contains such items as 
absolute concentration per unit area, relative concentration of 
various floe sizes per unit area, number and sizes of ice fragments , 
distribution of concentrations along a navigation route, the orientation 
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1. 
Ice Gonditions and Ice Forecasting in the Beaufort Sea 
Abstract 
Introduction 
The purpose of the thesis is; to develop and explain the location 
and extent of sea ice in the Beaufort Sea, and to describe methods in 
use and proposed by the science of ice forecasting to aid ship move-
ments in the area. Much of the data in the thesis camas from unpublished 
or widely scattered papers, and the thesis is an attempt to assimilate 
such data into cohesive form. 
Chapter I. The Newly Acquired Importance of the Beaufort Sea Region 
and the Status of Ice Forecasting. 
Prior to World War II the area of the Beaufort Sea was little 
known or exploited. A few explorers occasionally had joined the native 
eskimos as inhabitants of the area. After the war, a program of oil 
exploration was undertaken on the southern shores of the Sea by the 
U.S. Navy. Discovery of oil and the newly feasible means of making 
trans-polar flights across the Arctic waters suddenly catipulated the 
area into a position of strategic importance to o~ national defense. 
Research programs devoted to gathering data on how to live in such a 
hostile climate bacame a natural outgrowth of this nev1 importance. 
With the construction and resupply of the DEW line a vital necessity, 
methods of eoping with sea ice had to be developed. In this respect, 
the Russians were far advanced over the Western Allies, having devoted 
much time and effort on the problem since the 1920's. Nonetheless , u.s. 
2. 
and Canadian scientists, under an accelerating research program, 
are well on the way to equality in the fields surrounding sea ice 
research. 
Chapter II Physical Conditions in the Beaufort Sea 
The Beaufort Sea, lying north of Alaska and Western Canada, is 
governed by several physical and dynamic climatological and ocean-
ographic controls. Climatological controls include: 1, the mountain 
barriers of Canada and Alaska, 2. the ice crust of the polar seas to 
the north, 3. polar and maritime airmasses, 4. the Arctic high pressure 
belt and the sub-polar lmv, and 5. low pressure cells in the upper 
atmosphere. These controls produce a truly Arctic climate for the 
Beaufort Sea. Low precipitation is coupled with low temperatures , 
and summer cloud cover is high. Wldle oceanographic data are very 
meagre for the region, certain controls have been determined. These 
are: 1. the Lomonosov submarine ridge, which devides the polar basin 
and governs the interehange of water masses, 2. a deep basin, of which 
the Beaufort Sea is a part, 3. moderate to strong surface warm water 
currents moving into the area, 4. the circumpolar surface circulation 
of v~ter, 5. weak cold currents, and 6. great density and salinity 
differences of the water masses which impede m~ing to any great 
extent. The result of these controls is a surface layer of cold 
bracish water associated with the ice, deep water of high salinities, 
and bottom water of almost unknown characteristic. The most important 
transport is that of Atlantic water , which is found throughout the polar 
basin. 
3. 
Chapter III Ice in the Beaufort Sea 
or the three basic types of ice catalogued by ice scientists; 
river ice, land ice, and sea ice; only sea ice is of any si~~ificance 
in the Beaufort Sea. Ice scientists at the u.s. Navy Hydrographic 
Office have observed a yearly cyclical history of life for this ice. 
Ice which survives a yearly cycle is called polar ice arrl has character-
istics of great hardness and ~reshness, while ice in its first years 
growth is called winter ice, and has characteristics of elasticity and 
saltiness. The former kind is the greatest menace to shipping. The 
Arctic Pack is the dominant feature of the sea ice. The pack is a 
great ~Ass of shifting, churning floes which lies over most of the 
Polar Basin. Of lesser importance is shore-fast winter ice, some of 
which eventually is integrated into the pack ice. In winter, the two 
are joined and the sea is covered solid with a single crust of ice. 
In spring, a lead forms between the fast ice and the norUbward re-
treating pack. By summer, the fast ice has disintegrated, while the 
pack becomes more fluid; areas of open water appear betvreen the 
individual floes. Puddling takes place on the surface of the ice, 
winter ice becomes soft and rotten, and much of it melts a~. This 
short summer provides the least hazard to shipping. Fall finds the 
reversal of spring conditions. The lead closes and there is a juncture 
between the newly formed fast ice and the reconsolidated pack. Again, 
by winter a continuous sheet of ice is present. It is the variations 
in the southern boundary of the pack in summer that cause the most 
trouble to ice forecasters, and ways to more accurately predict the 
pack's location are being sought. 
4. 
Chapter IV Ice Islands 
Several peculiar islands of ice are found in the Arctic Pack. 
These islands pass across the northern reaches of the Beaufort Sea 
in their circumnavigation of the Polar Basin. They are characterized 
by great size, thickness , and strength , as well as by an unusual 
oorregated surface relief . These ice islands invariably assume the 
shape of an axe- head, are up to 300 square miles in size and are up 
to 200 feet thick. They are easily identified i~ the air by their 
size as well as their very smooth- looking surface, with its peculiar 
ridge and valley relief . These ridges are about 10 feet above the 
surface and run in parallel rows about 1000 feet apart . Their great 
strength is apparent when they are seen in the pack, totally untouched 
by the great forces of its grinding motion. While described in many 
ways by early surface explorers , ice islands were not correctly 
identified until air observation became possible . Intensive aerial 
reconnaissance showed their origin to be the ice shelf north of 
Ellesmere Island, in the Canadian Archipelage . At present , under 
International Geophysical Year research , teams of scientists are living 
on several ice islands in order to make a more complete study of them. 
Chapter V Ice Forecasting and its Significance 
Although 30 years old , the science of ice forecasting has only 
since World War II been considered important by the United States . 
The construction and resupply of the D~V line, with its many convoys 
of sl1ips, forced upon the U. S. Navy the need to make accurate predictionS 
of ice location and movements . Consequently, the u.s. Hydrographic Office 
s. 
set about developing techniques to meet this need . At present . by use 
of year round aerial ice reconnaissance and meteorological and ocean-
ographic data, a development of these techniques has been achieved . 
Long- range patrol bombers , car1ying a specially trained ice observer. 
make frequent flights over the ice covered Sea. Information received 
on these flights is combined, by field forecasting teams, with the 
latest weather data and ocean conditions, to make a forecast for the 
next days or weeks . This forecast, in facsimi~ map and ~V.X word form 
is flashed to ships and other interested parties in the area . The 
science is still developing , and more knowledge and new tools and 
techniques should continue to increase the accuracy of these predictions. 
Chapter VI The Utilization of Aerial Photographs in Sea I ce 
Forecasts 
Under development at the present time is a new aid to ice fore -
casters; aerial photography. Much of the data used by forecasters 
consists of visual observations ; it is intended to supplant these to a 
considerable extent with photographic coverage of the area under 
scrut&ny. In order to accomplish this , new methods of photo inter-
pretation and photo classification are being investigated , as well as 
new cameras and techniques of photography. The end result of this 
research is expected to be the replacement, in the forecaster's 
equations., of "variables" with 'bonstants", in terms of ice areas and 
concentrations . 
Con.ol'Uslons 
Due to its newly aequir&d strategio ~ort~ea , the Beaufort Sea, 
s. 
one of the last of the frontier areas 1 must be thoroughly investigated 
by the various scientific disciplines concerned 1 to make it exploitable 
for our national defense. While behind the U.S.S . R. in sea ice research, 
present and future research will permit us to increase our security by 
utilizing this area. 
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